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(54) Cooling and removal system for injection moulded hollow bodies

(57)  An injection molding machine for the produc-
tion of preforms (1) of thermoplastic material, compris-
ing a gripping hand (2) to take the preforms from the
molds and bring them to a cooling plate (4) which by
means of the nozzles (5) sucks up said preforms, which

zles (5) being cooled by means of a cooling fluid
circulating on the inside thereof and means being pro-
vided for rotating the plate (4) and for expelling the pre-
forms which are collected by a conveyor belt and carried
to a storage unit.

are cooled by heat exchange between their inner sur-
face and the outer surface of the nozzles (5), the noz-

o~

3

-3

FIFETEY

- JALIAIE

2
N

£
\

LN
15

'y

. 12,12

50,51,52

FIG.1

Printed by Xerox (UK) Business Setrvices
2.16.7/3.6



1 EP 0 937 566 A1 2

Description

[0001] The present invention relates to a cooling and
removal system for injection molded hollow bodies.
[0002] Said invention refers in particular to a cooling
system for those hollow bodies commonly called pre-
forms made of thermoplastic material such as PP, PS,
PC, PVC and particularly PET, destined for those com-
mercial sectors where it is necessary to replace glass
because of its high degree of fragility, such as cosmetics
and toiletries, containers for medicines or pharmaceuti-
cal products, containers for food products with low pH,
particularly bottles for water or beverages in general,
containers for reusable products, containers that have
special necks, too complex to be manufactured by other
methods.

[0003] Processing of synthetic or plastic resin-based
hollow bodies is currently based on two independent
stages: injection molding and blow molding.

[0004] Depending upon production volumes and the
type of preforms, the injection and blowing stages can
be accomplished on a single machine (single-stage) or
on two machines as in the case in point.

[0005] During the injection stage the synthetic resins
are melted from a solid state to a semi-liquid state. The
molten material is injected into molds or small cavities in
such a way as to assume the shape of a small empty
cylinder which represents the preform. These preforms
are expelled from the mold, cooled and then sent by
conveyor belt for storage.

[0006] The preforms are taken from storage and sent
to the second stage of molding by stretch-blowing. In
this second stage the preform is heated to a tempera-
ture that will allow it to be stretched and shaped by blow-
ing inside a certain mold so as to obtain the desired
shape. The hollow container, in its final form is cooled,
stored and is then ready to by placed on the market.
[0007] According to the known art, the preforms are
currently removed from their molds during the injection
stage, at a temperature of about 70 °C, by means of a
gripping hand. This gripping hand consists of a plate
structure having hollow housings into which the pre-
forms are drawn by suction. In the cooled gripping hand
the preforms undergo a first cooling, reaching a temper-
ature of about 50 °C.

[0008] By means of a removal plate the preforms are
taken from the gripping hand and positioned in a plural-
ity of cooling stations, normally three, in which they
reach a temperature of about 30 °C, which is low
enough to avoid a deformation of the preforms during
transfer on a conveyor belt below, on which they are dis-
charged, toward the storage unit.

[0009] In practice the extraction plate discharges one
molding at a time into the subsequent cooling stations,
so as to allow the preforms to stay longer in the respec-
tive stations and thus ensure adequate cooling, which
would not be possible with a single station.

[0010] It is obvious that use of a plurality of cooling
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stations implies a considerable size and complexity of
the machine which extends longitudinally, parallel to the
injection press. As a result maintenance and production
costs are high, due above all to the hydraulic system
that must be able to serve a large area consisting of the
three cooling stations and to the systems able to sup-
port the preforms in the different cooling stations, which
must be replaced at each change in production.

[0011] Moreover, since the three cooling stations
extend longitudinally on one side of the press, they
obstruct the necessary maintenance operations thereof,
which can be carried out only by dismantling and
removing the cooling system. This clearly entails an
excessive waste time and long breaks in production, as
well as high maintenance costs.

[0012] To overcome these drawbacks some known
injection molding systems use an oversized gripping
hand able to house a number of preforms that is a mul-
tiple of the number of molds. In this way, each molding
is held for longer in the gripping hand and moved to and
fro therewith, before being picked up by the removal
plate.

[0013] This system, however, besides having a high
cost, does not allow high production speeds to be
reached because of the large inert mass to be moved.
Moreover, as with other known methods, there is exter-
nal cooling of the preforms, which are expelled with an
internal temperature that is still rather high.

[0014] The object of the invention is to eliminate these
drawbacks providing a cooling and removal system for
injection molded hollow bodies that is compact, eco-
nomical and simple to produce.

[0015] This object is achieved, according to the inven-
tion, with the characteristics listed in the appended inde-
pendent claims.

[0016] Preferred embodiments of the invention
emerge from the dependent claims.

[0017] In the system for cooling and removal of injec-
tion molded hollow bodies according to the invention
provision is made for a plate having nozzle elements
able to be inserted in the cavities of the preforms held
by a griping hand that removes them from the press
molds.

[0018] Each nozzle is able, through a pneumatic sys-
tem, to create a vacuum inside the respective preform in
order to suck it onto the nozzle itself or to give off a jet
of compressed air to expel the preform. Each nozzle is
cooled to a temperature of about 5 °C by means of a
hydraulic system so as to cool the preforms internally.
[0019] In a preferred embodiment of the invention a
number m (with m>1) of groups of nozzles is provided in
the cooling plate, each group having a number n of noz-
zles equal to the number of preforms removed by the
gripping hand.

[0020] On start-up of the machine, during the first m
molding cycles the gripping hand removes the n pre-
forms from the molds and positions them in the respec-
tive consecutive sections of the cooling plate at each
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cycle. Brushless motors can be used advantageously to
drive the movements of the gripping hand which must
be extremely precise to allow the preforms to be fitted
together accurately with the respective nozzles.

[0021] When filled completely, the cooling plate is
rotated into a position with the preforms facing down-
ward and the preforms from the first group are expelled,
that is, the coolest ones which have a temperature of
about 15 °C which, thanks to the rapid cooling, avoids
crystallization of the preform and possible deformations
during transfer thereof on the conveyor belt toward a
storage station; the cooling plate is then rotated again
returning to the original position and the emptied group
receives the n preforms of the last molding removed by
the gripping hand; the cooling plate is then rotated again
into the expelling position and the preforms of the sec-
ond molding are expelled; the plate then returns to the
starting position to receive the preforms of the last mold-
ing in the emptied section.

[0022] These cycles are repeated in sequence, allow-
ing continuous high-speed production, for example at a
rate of 15” for each production cycle.

[0023] From this brief description the advantages of
the cooling and removal system for hollow bodies
according to the invention are clear.

[0024] In fact eliminating the three cooling stations in
sequence used in the prior art achieves a considerable
saving of space, a simplification of the machine and the
possibility of production changes without excessive idle
times. This is translated into a cost saving due to the
lower complexity of the cooling system and the possibil-
ity of simple, rapid maintenance operations.

[0025] With the cooling system according to the inven-
tion, by cooling the preform on the inside faster and
more efficient cooling is achieved. This is translated into
shorter production times.

[0026] Further characteristics of the invention will be
made clearer by the detailed description that follows,
referring to a purely exemplary and therefore non-limit-
ing embodiment thereof, illustrated in the appended
drawings, in which:

Figure 1 is a side elevation view of the cooling and
removal system for injection molded hollow bodies
according to the invention;

Figure 2 is a similar view to that of Figure 1in a sub-
sequent working stage;

Figure 3 is a front view taken from the left with
respect to Figure 1, showing in particular the cool-
ing and removal system;

Figure 4 is a plan view from above in Figure 1;

Figure 5 is a sectional view of a cooling nozzle,
taken along the line A-A in Figure 2;
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Figure 6 is an exploded view of the cooling nozzle in
Figure 4.

[0027] The cooling and removal system according to
the invention for hollow bodies 1 injection molded by
means of a press not shown in the appended figures will
be described with the aid of the figures.

[0028] After each molding a gripping hand 2, having
an alternating rectilinear movement, is responsible for
removing the preforms from the open mold.

[0029] The gripping hand consists of a substantially
rectangular plate in which n cavities 3 are made to
receive the n preforms 1 obtained from a molding.
[0030] A pneumatic system, sucks the preforms from
the molds of the press into the cavities 3 by air suction,
housing them in the bottom part, whilst the neck of the
preforms is disposed on the outside (Figures 1 and 2).
Retention of the preforms in the cavities 3 of the grip-
ping hand 2 is ensured by the vacuum created therein.
[0031] High-precision driving means, such as brush-
less motors for example, control the movement of the
gripping hand 2, to allow precise positioning thereof with
respect to a cooling and removal plate 4, disposed in a
vertical position for receiving the preforms, as shown in
Figure 1.

[0032] The cooling plate 4 has a number of nozzles 5
that is a multiple of n (m x n) on a surface thereof facing
toward the gripping hand. Said nozzles 5 have a sub-
stantially cylindrical shape with an outside diameter
slightly smaller then the inside diameter of the preforms
1, so that each nozzle 5 can be inserted inside the
respective preform 1 carried by the gripping hand 2.
[0033] As shown in Figures 5 and 6, the single nozzle
5 comprises a first central tubular element 11, with a
substantially cylindrical shape. Said tube 11 is con-
nected to the pneumatic system of the press for the cre-
ation of a vacuum during retention of the preforms 1 and
to give off a jet of compressed air during expulsion of
the preforms 1.

[0034] A second tubular element 60 having a larger
inside diameter than the outside diameter of the first
tube 11 is disposed coaxially to the tube 11, so as to
create a hollow space or inner conduit 8 between the
inner surface and the outer surface of the tube 11.
[0035] A third tubular element 70 having a larger
inside diameter than the outside diameter of the tube 60
is disposed coaxially to the tubes 11 and 60, so as to
form a further hollow space or outer conduit 9 between
the inner surface and the outer surface of the tube 60.
[0036] The tubes 11 and 70 are blocked in the tip of
the nozzle 5 by means of a threaded stopper 46 that
closes the tube 70.

[0037] Inside the tube 11 is situated a needle valve
100 that closes the entrance of the tube 11 and thus
shuts off the passage of compressed air when the pre-
form 1 is detached from the tubular element 70, prevent-
ing drops in pressure and thus allowing the compressed
air to be available for the preforms not yet detached
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from the respective tubular elements 70.

[0038] At the opposite end to the tip of the nozzle a
base 80 is provided in which a circular seat 81 suitable
for housing the corresponding end of the tube 70 and
more internally a second circular seat 82 housing the
corresponding end of the tube 60. A terminal cavity 84
with a smaller diameter allows the passage of the tube
11, which is blocked at the base 80 by means of a nut
85.

[0039] Also provided in the base 80 are an inlet con-
duit 7 that allows the entry of cooling fluid into the inner
conduit 8 of the nozzle and a conduit 10 that allows the
fluid to exit from the outer conduit 9 of the nozzle 5.
[0040] The base 80 is destined to engage with the
removal and cooling plate 4. In this way the tube 11 is
communication, with a tight seal, with a conduit 45 pro-
vided in the plate 4 and connected by means of at least
one outer tube 50, 51, 52 (see Figures 1-3) to a pneu-
matic system; the conduit 7 for entry of the cooling fluid
is connected to a conduit 40 provided in the plate 4 and
connected by means of an outer tube 12 to the hydraulic
cooling system; the fluid outlet conduit 10 is connected
to a conduit 41 provided in the plate 4 and connected by
means of an outer tube 12’ to the hydraulic cooling sys-
tem.

[0041] The cooling system according to the invention
is described below.

[0042] The cooling fluid from the cooling system of the
machine is sent to the outer tube 12 which introduces it
into the conduit 40 inside the plate 4; by means of the
inlet conduits 7 the fluid enters into the conduit 8 of the
nozzle, then flows into the outermost conduit 9 cooling
the tube 70. In this way the preform 1 is cooled on the
inside, its inner surface being in contact with the outer
surface of the tube 70. The fluid from the conduit 9 goes
toward the outlet conduit 10 and is introduced into the
conduit 41 inside the plate 4, then returns into the cool-
ing system through the outer tube 12’ and is put into
recirculation. Clearly the cooling fluid paths can be
changed or inverted without departing from the scope of
the invention.

[0043] In the case of preforms that are shorter in
length than the nozzle 5, a ring 6 can be provided, in
contact with the surface of the plate 4, such as to dis-
tance the preform 1 which engages with the nozzle 5.
[0044] Infigure 1 a cooling plate 4 is shown in its ver-
tical receiving position, ready to receive the preforms 1
from the gripping hand 2. In this position the cooling
plate 4 has its upper surface abutting against a blocking
base 17 connected to the frame 16 of the machine.
[0045] The plate 4 is connected by lever means 13 to
the rod 15 of a piston of a linear actuator 14 which can
be hydraulic or pneumatic.

[0046] Once the nozzles 5 have received the preforms
1, the linear actuator 14 moves the rod 15 forward caus-
ing a rotation of about 90° of the plate 4 which places
itself in a horizontal expelling position, as shown in Fig-
ure 2. In this position the rear surface of the plate 4
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abuts against a stopping base 18 integral with the frame
16 of the machine and the preforms, by means of a jet
of compressed air in the channels 45, are expelled and
fall onto a conveyor belt which carries them to storage.
[0047] In a preferred embodiment of the invention a
gripping hand having n cavities 3 arranged in parallel
columns is provided.

[0048] Figure 3 shows a cooling plate 4 divided into
three sections, each comprising n nozzles 5 arranged in
columns offset from each other; a first section B indi-
cated with the symbols *, a second section C indicated
with the symbols @, and a third section D indicated with
the symbols +.

[0049] The production cycle of the injection molding
machine according to the invention will be described
below.

[0050] On start-up of the machine, in a starting posi-
tion the gripping hand 2 has its surface in which the cav-
ities 3 are provided facing towards the molds and the
cooling plate 4 is in the vertical position for receiving the
preforms.

Step 1

[0051] The gripping hand 2 picks up the n preforms 1
of a molding, fills the fist section B of the cooling and
removal plate 4 and returns to the starting position.

Step 2

[0052] The gripping hand 2 removes another n pre-
forms 1 from the molds, fills the second section C of the
plate 4 and returns to the starting position.

Step 3

[0053] The gripping hand 2 removes another n pre-
forms 1 from the molds, fills the third section D of the
plate 4, and returns to the starting position.

Step 4

[0054] The liner actuator 14 that causes rotation of the
plate 4 bringing it into its horizontal expelling position is
activated; the pneumatic system that sends com-
pressed air to the first section B through the conduit 50
is activated causing expulsion of the preforms from said
section.

Step 5

[0055] Through activation of the linear actuator 14 the
plate 4 returns to its starting position and the gripping
hand 2 having a further group of n preforms fills the first
section B again.
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Step 6

[0056] The linear actuator 14 which causes rotation of
the plate 4 bringing it into its horizontal expelling posi-
tion is activated; the pneumatic system that sends com-
pressed air to the second section C through the conduit
51 is activated causing expulsion of the preforms from
said section.

Step 7

[0057] Through activation of the linear actuator 14 the
plate 4 returns to its starting position and the gripping
hand 2 which in the meantime has picked up a further
group of n preforms from the molds fills the second sec-
tion C.

Step 8

[0058] The linear actuator 14 which causes rotation of
the plate 4 bringing it into its horizontal expelling posi-
tion is activated, the pneumatic system that sends com-
pressed air to the third section D through the conduit 52
is activated causing expulsion of the preforms from said
section.

Step 9

[0059] Through activation of the linear actuator 14 the
plate 4 returns to its starting position and the gripping
hand 2 which in the meantime has picked up another n
preforms from the molds fills the third section D.

Step 10

[0060] The cycle continues starting from step 4 until
the machine is stopped.

Claims

1. A cooling and removal system for injection molded
hollow bodies or preforms, comprising a gripping
hand (2) consisting of a plate having a number n of
cavities (3) equal to the number of preforms (1) pro-
duced with one molding of the injection molding
machine, said gripping hand (2) being able to pick
up said preforms (1) from the molds for subsequent
transfer to a cooling station, characterized in that
said cooling station comprises a plate (4) on the
surface of which a number of nozzles (5) equal to a
multiple of the number of said cavities (3) is pro-
vided, said nozzles (5) being able to receive, cool
and expel said preforms (1).

2. A cooling system according to claim 1, character-
ized in that said plate (4) comprises a plurality m of
sections (B, C, D), each with a number (n) of noz-
zles (5), to receive the (n) preforms of a molding of
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the press, said sections (B, C, D) being filled in
sequence and emptied in the same order, to allow
each group of preforms (1) to remain longer on the
plate (4).

3. A cooling system according to claim 2, character-
ized in that said sections (B, C, D) comprise col-
umns of nozzles (5) offset with respect to each
other.

4. A cooling system according to one of the previous
claims, characterized in that said plate (4) is rotated
from a substantially vertical position able to receive
the preforms (1) to a substantially horizontal posi-
tion with the preforms facing downward, suitable for
expulsion of said preforms (1) and vice versa.

5. A cooling system according to claim 4, character-
ized in that said rotation of the plate (4) is obtained
by means of a linear actuator (14) acting on lever
means (13) connected thereto.

6. A cooling system according to claim 1, character-
ized in that said nozzles (5) have a substantially
cylindrical shape and have an outside diameter
equal to or smaller than the inside diameter of said
preforms (1) so that they can be inserted thereinto.

7. A cooling system according to claim 6, character-
ized in that each of said nozzles (5) comprises:

a tube (11) connected to the pneumatic system
of the machine to retain the preforms through
creation of a vacuum and to expel them by
means of a jet of compressed air; a tube (60)
coaxial with said tube (11) and having a greater
inside diameter than the outside diameter of
said tube (11), so as to create a first conduit (8)
for the passage of a cooling fluid between the
outer surface of the tube (11) and the inner sur-
face of the tube (60);

A tube (70) coaxial with said tube (60), having
a greater inside diameter than the outside
diameter of said tube (60), so as to create a
second conduit (9) for the passage of a cooling
fluid between the outer surface of the tube (60)
and the inner surface of the tube (70), so as to
ensure cooling of the outer surface of said tube
(70) which comes into contact with the inner
surface of the preform (1);

a needle valve (100) placed inside the tube
(11), able to shut off the passage of com-
pressed air when the preform (1) has been
detached from the tubular element (70).

8. A cooling system according to claim 7, character-
ized in that at least one conduit (45) is provided in
said cooling and removal plate (4) to connect said
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tubes (11) of each nozzle to the pneumatic system
and at least one conduit (40; 41) to connect the
conduits (8; 9) respectively to the hydraulic cooling
system.

An injection molding machine for hollow bodies,
characterized in that it provides a cooling and
removal system for said hollow bodies (1) accord-
ing to any one of the preceding claims.

A method for cooling and removing injection
molded hollow bodies or preforms (1), comprising
the following steps:

opening of the molds of the press and picking
up of the said preforms (1) by means of a grip-
ping hand (3);

moving of said gripping hand (2) into a position
in register with a cooling and removal plate (4)
having a plurality of nozzles (5) on its surface at
least equal to the number (n) of preforms (1)
picked up by the gripping hand (2) at each
molding;

suction of said preforms (1) onto the respective
nozzles (5) and retention thereof by creation of
a vacuum therein;

inner cooling of the preforms (1) by means of
heat exchange between the inner surface of
the preform and the outer surface of the nozzle
which is cooled by means of circulation of a
cooling fluid on its inside;

expulsion of the preforms (1) by means of a jet
of compressed air coming out of the nozzles.

A method according to claim 10, characterized in
that said plate (4) has a plurality (m) of sections
each of which comprises a number (n) of nozzles
equal to the number of preforms (1) picked up by
the gripping hand (2) in which said (m) sections are
filled in sequence and emptied in the same order to
allow each group of preforms (1) to remain longer
on the plate (4).
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